An improved method for the preparation of monomethine cyanine dyes with quinoline nucleus by one-pot three-component using 1-methyl-2-quinolinethione, quaternized 2-or 4-methylheterocyclic compounds and methyl p-toluenesulfonate as starting materials was described. Compared with the traditional methods, the new synthetic method reduced the reaction steps, shortened the reaction time, avoided the separation and purification of the intermediate and reduced cost. The dyes absorbed in the region 478.0-563.0 nm and had molar extinction coefficients of 1.3 × 10 4 -9.4 × 10 4 L mol
Introduction
Monomethine cyanine dyes have been known for a long time and are used in a variety of applications, 1 such as photosensitizers for silver halide emulsion, 2 bactericidal agents, 3 markers for flow cytometry 4 and phototherapeutic agents. 5, 6 In recent years there has been extensive growth in the synthesis of cyanine dyes suitable as non-covalent labels for nucleic acid detection. [7] [8] [9] [10] [11] The synthesis of these cyanine dyes has therefore received considerable attention.
Most of the preparations of monomethine cyanine dyes are based on the method in which quaternary salts of heterocyclic 2-or 4-alkylthio compounds are reacted by heating in the presence of a basic reagent with a quaternary salt having a reactive methyl group. [12] [13] [14] [15] [16] Brooker and his coworkers reported the synthesis of some monomethine cyanine dyes by the reaction of 2-methylthiobenzothiazolium salts with 1-alkyl-4-methylquinolinium salts [17] [18] [19] (Scheme 1). Moreover, Todor G. Deligeorgiev et al. 20 used 2-imino-3-methylbenzo thiazoline and 1-alkyl-4-methylquinolinium salts as starting materials for the preparation of the asymmetric monomethine cyanine dyes. Further, they prepared some monomethine cyanine dyes by heating together a sulfobetaine from an N-alkylheterocyclic compound and the quaternary salt of a heterocyclic 2-or 4-methyl compound (Scheme 2). 21 Larive H. et al. synthesized some monomethine cyanine dyes by the condensation of quaternized 2-chloro-heterocycles with quaternized 2-or 4-methylheterocyclic compounds in the presence of a basic agent (Scheme 3).
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For the synthesis of monomethine dyes, Tariq Mahmood and his co-workers chose 10-methyl acridone as starting material and reacted with thionyl chloride afforded the corresponding 9-chloro-10-methylacridinium chloride, which was subsequently reacted with 1,3,3-trimethyl-2-methyleneindoline to produce the monomethine cyanine dye (Scheme 4).
The continued interest in the development of the novel synthetic methods and the improvement of known synthetic procedures has attracted our attention. Herein, we report an efficient, simple and practical method for synthesis of some monomethine cyanine dyes, that is, using 1-methyl-2-quinolinethione, quaternized 2-or 4-methylheterocyclic compounds and methyl p-toluenesulfonate as starting materials by onepot three-component method synthesizes some monomethine cyanine dyes with quinoline nucleus (Scheme 5, Table 1 ).
Experimental
General. Melting points were taken on a XT-4 micromelting apparatus and uncorrected. IR spectra in cm −1 were recorded on a Brucker Equiox-55 spectrometer.
1
H NMR spectra were recorded at 400 MHz on a Varian Inova-400 spectrometer and chemical shifts were reported relative to internal Me 4 Si. HRMS was recorded on a Brucker micr-OTOF-QMS spectrometer. The UV-Vis absorption spectra were recorded on a General TU-1201 UV-Vis spectrometer. Fluorescence measurements were taken on Hitachi F-4500 spectro-fluorometer.
Synthesis. Equimolar ratios (0.03 mol) of 1-methyl-2-quinolinethione, a quaternary heterocyclic salt (a~h) and methyl p-toluenesulfonate were dissolved in ethanol (50 mL) and then a few drops of triethylamine were added. The reaction mixture was refluxed for reasonable time, and was filtered while hot. Then the mother liquor was concentrated to half its volume, and cooled to room temperature. The precipitate was filtered off and dried. The dyes D1-D5 purified by recrystallization from methanol/ethanol, and dyes D6-D8 were purified by soxhlet extraction using methanol/ ethanol as solvent. The results were given in Table 1 . Spectral Behavior Studies. The dye stock solutions (2.5 × 10 −3 mol L −1 in DMSO) were diluted with different solvents and resulted in working solutions of dyes (1.0 × 10
). The absorption spectra were examined at room temperature in different solvents and recorded using 1 cm quartz cells on a General TU-1900 UV-Vis spectrometer. Fluorescence measurements were carried out at room temperature on a Hitachi F-4500 spectrofluorimeter in 1 cm quartz cells. Fluorescence emission was excited at the maximum of the absorption. The absorption and fluorescence spectral data were listed in Table 4 .
Structural Confirmations. D1: UV-Vis (MeOH) λ max : 481 nm. 
Results and Discussion
Synthesis of Dyes. The traditional methods of the preparations of 2-quinoline monomethine cyanine dyes were as follows: The quaternary salts of 2-alkylthio quinoline heterocyclic compounds, which were prepared by the methyl p-toluenesulfonate or iodomethane and 1-methyl-2-quinolinethione, were reacted with quaternized 2-or 4-methylheterocyclic compounds to produce the monomethine cyanine dyes (Scheme 6). We found that the preparation of monomethine cyanine dyes with quinoline nucleus could be carried out by one-pot three-component method using 1-methyl-2-quinolinethione, the quaternary salt of a heterocyclic 2-or 4-methyl compound and methyl p-toluenesulfonate as starting materials in ethanol and with the presence of triethylamine. It can be seen that the traditional methods of the preparation of 2-quinoline monomethine cyanine dyes need two steps and our new method only need one step. And the new methods will reduce the synthetic steps, shorten the reaction time and avoid the separation and purification of the intermediate.
In order to get optimized experiment conditions, the effect of reaction time in ethanol on yields was examined. Table 2 listed the effect of reaction time on the yields of dye D1. The reaction yield was lower at first, and then the yield of the dye was increased with the increasing of reaction time. Until the reaction time reached to 7 h, the yield of the dye began to decrease. Therefore the optimized reaction time was 6 h. In addition, supplementary experiments were carried out to find the optimal catalysts. The piperidine or triethylamine was used as catalyst in the synthesis and the effect of the two kinds of catalysts on the yields of dyes D1-D8 was shown in Table 3 . From the table, the effect of triethylamine was better than that of piperidine. That was because the alkaline of piperidine was stronger than that of triethylamine, and in the presence of piperidine the reactive methyl groups in quaternary salts rapidly transformed to methylene form, at this time the alkylthio was not yet formed, leading to unexpected products.
Spectral Properties of Dyes. The absorbance and fluorescence properties of dyes D1-D8 in different solvents were summarized in Table 4 . It could be found that the maximum absorption (λ max ) of D1-D8 was located at 478.0-563.0 nm in different solvents and a blue shift of the λ max occurred in the protonic solvents compared with aprotic solvents (e.g. Scheme 6 . The traditional methods of the preparations of 2-quinoline monomethine cyanine dyes. state increase, leading to a blue shift in the absorption spectra. 24 From the Table 4 , it could also be found, almost all the dyes (except D3 and D8), displayed a blue shift in the absorption spectra with increasing the polarity of the solvent in the protonic solvents. These hypsochromic shifts were most likely explained as follows: since these dyes were ionic dyes, which exhibited a polar character in the ground state, hence the solvent molecules were oriented in such a way as required by the polar character of the dye molecule. During the transition, the excited dye molecules were within a solvent cage which was suitable for the electronic distribution in the ground state molecule and no longer adopted to the electronic requirements of the excited molecules. Thus, a polar solvent created a stabilizing solvent cage around this ionic dye molecule in the ground state, but a destabilizing solvent cage for the excited state. The transition energy was increased with increasing solvent polarity and an increase in solvent polarity resulted in a blue shift in the absorption spectra. 25 In the aprotic solvents, it was the same case. The absorption spectra of dyes D1-D8 in the different solvent were shown in Figure 1 . It could be found that the λ max of dyes had minor differences in different solvents, but the absorption band shapes of dyes were almost the same. The result showed that the distribution of energy level at the first electronic excited state was not changed by the different solvents for the dyes. It could also be seen that different dyes had different existence forms in solvents and these existence forms were not changed by the change of solvents. Take D1 and D3 for example, the existence form of D1 in different solvents was mainly under both the monomeric form (M) and the aggregate form (H), and the existence form of D3 in different solvents was mainly under its monomeric form and the aggregate form was relative smaller.
During our experiment, it was found that the fluorescence of dyes D1-D8 in different solvent was much weak, even in some solvents, the fluorescence of dyes D6-D8 could not be observed. To be specific, the fluorescence of dyes D1-D5 could be observed in five different solvents; the fluorescence of dyes D7-D8 could be observed only in ethanol, DMSO, chloroform and the fluorescence of dyes D6 could be observed only in DMSO, chloroform. From Table 4 , it could be found that the maximum emission of D1-D5 was located at 525.2-594.4 nm and compared with the position of the maximum absorption for the dyes, the emission spectra were shifted to the red in the range of 16.2-80.6 nm (namely Stokes shift). The different heterocycle which was the composition of dyes effected the Stokes shifts of the dyes. For example, the Stokes shifts of D1 and D2 were 61.6 and 80.6 nm in the water, respectively, but the Stokes shifts of D3 and D4 were only 35.6 and 37.6 nm in the water, respectively. In the other solvents, the same condition also could be observed.
Conclusion
Eight monomethine cyanine dyes were synthesized by one-pot three-component method and characterized by 1 H NMR, IR, UV-Vis and HRMS spectroscopy. Compared with the traditional methods, the new synthetic method reduced the reaction steps, shortened the reaction time, avoided the separation and purification of the intermediate and reduced costs. The investigations of UV-Vis showed a solvent dependent absorption. The λ max of dyes was shorter in protic solvents, and showed blue-shifted with the increasing polarity of the solvents.
